This paper estimates the effect of privatization on multifactor productivity (MFP) using long panel data for nearly the universe of initially state-owned manufacturing firms in four economies. We exploit the key longitudinal feature of our data to measure and control for preprivatization selection bias and to estimate long-run impacts. We find that the magnitudes of our estimates are robust to alternative functional forms, but sensitive to how we control for selection. Our preferred random growth models imply that majority privatization raises MFP about 15% in Romania, 8% in Hungary, and 2% in Ukraine, while in Russia it lowers it 3%. Privatization to foreign rather than domestic investors has a larger impact, 18-35%, in all countries. Positive domestic effects appear within a year in Hungary, Romania, and Ukraine and continue growing thereafter, but take 5 years after privatization to emerge in Russia.
Introduction
The privatization process in the East European transition provides a huge laboratory for studying the relationship of corporate ownership and performance. The usefulness of analyzing the results of this privatization experience derives not only from the large numbers of observations, many times greater than those in Western studies, but also from the much more indiscriminate process determining ownership.
1 Unlike the West, where state-owned enterprises usually operate in only a few sectors and tend to differ systematically from other firms, state ownership accounted for nearly all productive assets during the socialist period in Eastern
Europe. The privatization policies adopted in the aftermath of the sudden collapse of Communist Party control have been almost equally indiscriminate, involving rapid transfers of large numbers of companies in just a few years, by contrast to the careful selection and long preparation of firms for privatization typical in the West. At the same time, most East European countries have retained significant numbers of firms in state hands, thus providing a useful comparison group for estimating the impact of ownership change.
The attractiveness of this research setting, however, has been little exploited by studies with corresponding research designs. Notwithstanding the large number of privatized firms in many East European countries and what by now has become a fairly long time period for analysis, data limitations have prevented most research from including more than a few hundred firms, and few studies have more than three or four annual observations on each firm.
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Constrained by only one or two years of both pre-and post-privatization information, researchers face difficulties reliably identifying a privatization effect and judging pre-privatization differences that might reflect selection bias in the privatization process. Some study data only on privatized firms, thus failing to exploit the possibility of a state enterprise comparison group. This paper analyzes the productivity effects of privatization using much longer time series and more comprehensive coverage than in earlier research. We have assembled annual information on manufacturing firms from as early as 1985, when the Communist Party still held power throughout Eastern Europe, until 2002, well after most firms had been privatized. The 1 Megginson and Netter (2001) provide a comprehensive review of Western research on privatization and discuss some early studies of the results in transition economies. 2 For example, Frydman et al. (1999) study survey data on about 200 privatized Czech, Hungarian, and Polish firms from 1990 , and Earle and Estrin (1997 study survey data on about 380 Russian firms, both state-owned and privatized. Djankov and Murrell (2002) provide a review of previous studies of the effects of large enterprise privatization in transition economies.
data cover four important transition economies-Hungary, Romania, Russia, and Ukraine -and they include most manufacturing firms inherited from the former planned economy, both those slated for privatization and those remaining under state ownership. In all four countries, comparable financial information enables us to estimate multifactor productivity for each firm on an annual basis, and the ownership data permit a distinction not only between privatized and state-owned firms but also between firms privatized to foreign investors and those privatized to domestic companies and individuals; they also allow us to infer the precise year in which ownership change occurred. Absent a genuinely randomized experiment, these panel data provide a nearly ideal setting for investigating the relationship between ownership and productivity.
Our basic aim in this paper is to estimate this relationship using much larger and longer panels than were previously available. Unlike some previous research that examined other outcome variables, we focus on productivity, a variable that is more convincing as a performance measure than qualitative measures of restructuring and more closely linked to economic welfare than sales, profit, or employment. When productivity has been considered in the past, attention is frequently limited to either labor productivity or a single specification of multifactor productivity, and analysis of the latter is often conditioned on auxiliary assumptions such as constant returns to scale, no factor bias associated with ownership, no unobserved firm heterogeneity correlated with productivity and ownership, and a common technology across diverse industries. Clearly, the value of the estimates is reduced when such assumptions are imposed. In this paper, we take into account differences in production technology across industries and investigate the robustness of the ownership effects on productivity across a variety of measurement specifications.
The most significant innovation in our approach, however, is to apply methods developed for dealing with selection bias in labor market program evaluations. We exploit the long time series in our firm-level data to estimate regression models including not only firm fixed effects but also firm-specific time trends, sometimes referred to as "random growth models." 3 Applied to the privatization context, these models control not only for fixed differences among firms but also differing trend productivity growth rates that may affect the probability of privatization and whether the new owners are domestic or foreign investors. Moreover, the availability of several years of pre-privatization data is useful for taking into account possible biases in the selection of firms to be privatized. We analyze these data using specification tests we have also borrowed from program evaluation research, including the Heckman-Hotz (1989) "pre-program" test which measures selection bias under an estimator as the difference in the dependent variable prior to treatment between the treated and comparison groups. In the privatization context, this test must be evaluated significantly prior to privatization because of possible contamination through anticipatory effects.
We also analyze the dynamics of firm performance in the immediate pre-privatization period-to measure possible anticipatory effects-as well as for several years after. Once it has been decided and announced that a firm will be privatized, the firm's performance could either improve as managerial incentives are increased by the expected benefits under new owners, or it could be diminished as managers see little future with the firm and resort to asset-stripping (Aghion, Blanchard, and Burgess, 1994; Roland and Sekkat, 2000) . Either type of behavior would result in a biased estimate of the privatization effect in a simple comparison of pre-and post-privatization performance. Estimates of post-privatization dynamics are also interesting as they shed light on how quickly any benefits from privatization are realized and whether they are sustained or tend to diminish over time.
Finally, we investigate the effects of different types of new private ownership structures:
domestic versus foreign. While most previous studies tend to find an overall positive impact of privatization on performance, the level of confidence in the results disaggregated by owner-type is further reduced by small sample size problems. Our data, however, contain substantial numbers of observations with both foreign and domestic ownership, although they do not have consistent measures of other ownership classifications. The data permit us to test some common hypotheses about the relative advantages of each of these types of ownership in raising firm performance and about the selection bias in each type of privatization.
The rest of the paper is organized as follows. Section 2 describes our data and Section 3 discusses the privatization programs in the four countries we study. Section 4 describes the estimation procedures, and Section 5 presents results. Conclusions are summarized in Section 6.
Data
Our analysis draws upon annual census-type data available for manufacturing firms in each of the four countries we study. Although the sources and variables are somewhat similar across countries, considerable effort has been necessary to prepare and clean the data, to construct longitudinal links, and to render them sufficiently comparable to justify cross-country comparisons.
The countries with the most conceptually similar data are Russia and Ukraine, where common statistical methodologies and data collection mechanisms were inherited from the The total numbers of firms and their total employment in 1994, plus the fractions of these in all old firms and their corresponding employment, are shown in Table 1 . Missing values do not reduce the sample greatly in any country, and we have no reason to expect that the sample is biased in any particular direction. The total number of firms ever in the sample is 30,647 and the average number of annual observations per firm is just over 10, making 310,888 firm-years available for analysis.
Summary statistics and definitions for the basic variables used to estimate productivityoutput, capital, and employment -are provided for selected years in Table 2 . Data on material costs are unfortunately not available for all countries and years in the data; our specification of production technologies therefore assumes the only inputs are capital and labor. Reflecting aggregate statistics, the data imply declining average employment size in all four economies (although most in Romania), while mean output has fallen through most of the period everywhere but in Hungary (and Russia and Ukraine since 1999). Capital stock has also tended to fall in most years, the main exceptions being recent rises in Russia and Ukraine. This last result is somewhat puzzling, but it may reflect imperfect deflators that fail to distinguish true price and quantity changes. Our econometric analysis handles this problem by controlling for a full set of industry-year interactions.
These data have been extensively cleaned to remove inconsistencies and to improve missing longitudinal linkages due to change of firm identifier from one year to the next (associated with reorganizations and changes of legal form, for instance). The inconsistencies were evaluated using information from multiple sources (including not only separate data providers, but also previous year information available in Romanian balance sheets and Russian The timing of the ownership variables has a bearing on the interpretation of the estimation results. Ownership is measured as of the reporting date, the end of the calendar year (except in Ukraine where it is January 1-we treat this as identical to the end of the previous year). The privatization year is thus defined as the year in which the ownership variable changes from state at the end of t-1 to private in t. 6 The actual transfer of shares could take place anytime during this year, and the transfer of effective control is even more ambiguous: for instance, it could take place even before the shares are legally conveyed, if it is quite clear who the new owners will be, and it could take place significantly afterwards, if for example it takes time to call a general shareholders' meeting to replace the board and management. These ambiguities imply that the analysis should not be confined to comparisons of the immediate period just before and after the privatization year but instead take a longer perspective on both pre-and postprivatization performance. Our data contain substantial numbers of firms with several observations before and after privatization, facilitating such an analysis. 
Privatization Policies
The tempos and methods of large enterprise privatization differ across the four countries we study in this paper. The differences in tempos are reflected in Table 4 , which contains our computations of share of majority privatized firms, based on the manufacturing firms in our database. As of end-1992, 36.1 percent of the Hungarian firms had already been privatized, 5 The Russian registries contain codes for state, domestic, joint ventures, and 100 percent foreign firms, but foreign shares are available only for a subset of firms in four years. We classify all joint ventures as foreign, but the results are very similar if we include only those foreign firms we know are majority foreign in at least one of the four years. 6 We assume a single change of ownership and recoded cases of multiple switches to the modal category after the first change (ties were decided in favor of private and foreign, unless only two years of data were available Ukraine about 1 percent, which given our sample sizes are sufficient to estimate coefficients.
The residual category-the difference between private and foreign-consists of majority privatized firms that are not majority foreign. Because foreign investment in these countries usually takes the form of controlling investments, the residual firms are therefore usually majority owned by domestic private groups, and hence we label them "domestic" in the discussion below. But some cases of minority foreign investment (particularly in Hungary) are also included in this category.
Not only the pace but also the method of privatization differs across these countries.
Hungary got off to an early start in ownership transformation and maintained a consistent caseby-case sales method throughout the transition. At the very beginning, the transactions tended to be "spontaneous," initiated by managers, who were also usually the beneficiaries, sometimes in combination with foreign or other investors (Voszka, 1993) . From 1991, the sales process became more regularized, generally relying upon competitive tenders open to foreign participation. Unlike many other countries, there were few preferences given to workers to acquire shares in their companies (except for about 350 management-employee buyouts), nor was there a mass distribution of shares aided by vouchers. Hungarian privatization thus resulted in very little worker ownership, very little dispersed ownership, and instead concentrated blockholdings, with a large foreign share (see, e.g., Frydman et al., 1993a; Earle et al., 2005) .
Although the process appeared to be gradual, in fact it was accomplished more quickly than in most other East European countries.
In Romania, by contrast, the early attempts to mimic voucher programs and to sell individual firms produced few results, and privatization really began only in late 1993, first with the program of Management and Employee Buyouts, and secondly with the mass privatization of 1995-96 Sapatoru, 1993 and Earle and Telegdy, 1998) . The consequences of these programs were large-scale employee ownership and dispersed shareholding by the general 8 The nonmonotonicity of percent privatized in Table 4 is due not to renationalization but to private firms exiting the data and split-ups of state-owned firms, which are subject to later privatization and thus included in our sample. population, with little foreign involvement. Beginning in 1997, greater efforts were made to involve foreign investors, and blocks of shares were sold both to foreigners and domestic entities. The result was a mixture of several types of ownership and a moderate speed compared to neighboring countries (Earle and Telegdy, 2002) .
Russia and Ukraine's earliest privatization experiences have some similarities to the "spontaneous" period in Hungary, as the central planning system dissolved at the end of the 1980s and decision-making power devolved to managers and work collectives (Frydman et al., 1993b) . The provisions for leasing enterprise assets (with eventual buyout) represented the first organized transactions in 1990-1992, but the big impetus for most industrial enterprise privatization in Russia was the mass privatization from October 1992 to June 1994, when the bulk of shares were transferred primarily to the concerned firms' managers and workers, who had received large discounts in the implicit prices they faced (Boycko, Shleifer, and Vishny, 1995; Earle and Estrin, 1997) . Some shares (generally 29 percent) were reserved for voucher auctions open to any participant, and these resulted in a variety of ownership structures, from dispersed outsiders holding their shares through voucher investment funds to domestic investors who acquired significant blocks; sometimes managers and workers acquired more shares through this means, but there were few cases of foreign investment. Blockholding and foreign ownership became more significant through later sales of blocks of shares and through secondary trading that resulted in concentration. Ukraine followed Russia's pattern at a somewhat slower pace, and the initial design provided even greater advantages to insiders acquiring shares in their companies (Frydman et al., 1993b) . In both countries, the initial consequence was large-scale ownership by managers and workers, some blockholding by domestic entities, and continued state ownership. Subsequently, blocks formed and foreigners made partial inroads.
The differences in the method of privatization method may affect the impact of the policy on firm productivity. Case-by-case sales of large blocks of shares is usually considered the most effective method, but its advantages may be reduced by contractual obligations on future investment and employment that inhibit restructuring. The productivity effect of new foreign owners seems likely to be higher than that of domestic investors, as a result of better management skills and access to finance and new technologies, but foreigners may face worse obstacles when layoff decisions are highly politicized and when local networks and knowledge of local conditions are nontransparent. Transfers to employees and mass privatization have been politically attractive, and have been common in most East European economies, but each faces disadvantages. Employees may lack the necessary skills, capital, access to markets, and technologies necessary to turn their firms around, and corporate governance by employees may function particularly poorly when the firm requires difficult restructuring choices involving disparate distributional impacts within the firm. 9 Mass and voucher privatization programs were intended to increase the speed of privatization by overcoming the problems of insufficient demand due to low domestic savings and reluctance of foreign investors, and if possible to jumpstart domestic equity markets with a rapid release of shares. But they have sometimes been combined with strong preferences for employees to use their vouchers in acquiring shares in their employer (for instance, in Russia and Ukraine), and they typically create highly dispersed ownership structures, resulting in unmonitored managerial control and-according to someunfettered asset-stripping.
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The effects of different privatization methods may also manifest themselves differently over time. For example, if concentrated private ownership is necessary to achieve restructuring, then one would expect to see more immediate effects from sales to concentrated outsiders than from voucher or insider privatization, where it takes time for concentrated blocks to form. In this case, the major differences across countries could arise in the timing of the potential benefits from privatization. A possible hypothesis would be that the speed of the impact of privatization is increasing in the fraction of sales in all privatization transactions. The subsequent dynamics of the privatization effect may reflect secondary trading leading to increased concentration, however, and countries with high initial levels of inside and dispersed outside ownership may catch up so that the final impact after several years is not very different across countries. We will examine these possibilities empirically below.
Empirical Strategy
We follow the broader literature on the effects of privatization in estimating reduced form equations for firm performance, while trying to account for potential problems of unobserved heterogeneity and simultaneity bias (Djankov and Murrell, 2002; Megginson and Netter, 2001 ).
Our goal is to assess the robustness of the estimated privatization effects to alternative econometric methods, and therefore our approach to measuring productivity is eclectic. In all cases, we estimate separate equations for each country both to permit functional forms to vary across countries and to investigate differences in the estimated privatization effect. We also permit the technology parameters to vary across industries, and we include a full set of industryyear effects to control for time-varying industry characteristics and shocks that may be correlated with both ownership and productivity.
Our approach to handling potential selection bias is to use the longitudinal structure of the data, including the multiple pre-privatization observations available for most firms, to estimate alternative models based on different identifying assumptions. The simplest model assumes no selection into ownership type (private versus state in one specification, domestic private versus foreign versus state in the other) based on either the level or growth of productivity. This model is estimated by applying ordinary least squares (OLS) to the production function augmented with ownership variables. The second model assumes no selection based on productivity growth, adding firm fixed effects (FE) to the equation. The third model permits each firm to have its own intrinsic growth rate by adding not only FE but also firm-specific time trends (FT); the identifying assumption is that the data-generating process for ownership is independent of productivity once all the other variables, including the FE and FT, are taken into account. We evaluate these alternative models based on standard specification tests as well as the degree to which they generate similar pre-privatization productivity behavior of firms of different ownership types.
The equations we estimate for each country may be written in the following general form:
where i indexes firms from 1 to N, j indexes industries from 1 to J, and t indexes time periods (years) from 1 to T. y it is ln(output), f j is a 1 x J vector of industry-specific production functions, k it is ln(capital stock), l it is ln(employment), D jt is a 1 x JT vector of industry-year interaction dummies, γ jt is the associated JT x 1 vector of coefficients, and u it is an idiosyncratic error.
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The specifications of the other terms in the equation vary across specifications: w t is a vector of aggregate time variables, α i is the vector of associated individual-specific slopes, θ it is the vector 11 Our analysis of serial correlation in the residuals implies that the process is not a simple AR(1), and the lagged residuals are frequently significant (with varying signs) up to 4 lags, the patterns differing across countries. Our estimates therefore permit general within-firm correlation of residuals using the clustering method of Arellano (1987) , and the standard errors and all of our test statistics are robust to both serial correlation and heteroskedasticity. Kézdi (2003) contains a detailed analysis of autocorrelation and the robust cluster estimator in panel data models.
of ownership measures, and δ are the ownership effects of interest in this paper. We provide further explanation of each element in turn.
Starting with the functional form of f j , we focus our presentation of results in the text and tables on the simplest Cobb-Douglas specification. But we have also permitted to vary across a wide variety of other specifications, including translog, Cobb-Douglas imposing the restriction of constant-returns to scale, and labor productivity. We also investigate the implications of assuming arbitrary Cobb-Douglas production structures, such as assigning 0.3 as the contribution for capital and 0.7 for labor. These results are very similar to those for the estimated unrestricted
Cobb-Douglas, and we report them in the Appendix. In all cases of estimated functions, we permit the function to vary across industries, and we always include a full set of unrestricted industry-year interactions, the D jt . 12 This specification thus permits different productivity levels for each industry in each year, controlling for any time-and industry-varying factors, such as price changes not captured by deflators, unmeasured factors of production, and quality differences that are time-industry-specific.
Our methods of controlling for selection bias are embodied in the specification of w t .
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The OLS model assumes w t ≡ 0. The FE model specifies w t ≡ 1, so that α i ≡ α i is the unobserved effect. Any fixed differences in productivity across firms are removed in the FE model. The
FE&FT model with firm-specific trends specifies w t ≡ (1, t), so that α i ≡ (α 1i , α 2i ), where α 1i is a fixed unobserved effect and α 2i is the random trend for firm i. In practice, the FE&FT model is estimated in two steps, the first detrending all variables for each firm separately and the second estimating the model on the detrended data. Standard errors in the second step are adjusted for the loss of degrees of freedom associated with detrending.
We investigate several alternative specifications of the ownership variables θ it . The simplest uses a single post-program dummy Private it-1 , defined = 1 if the firm is majority privately owned at the end of the previous year. 14 The coefficient of interest δ is then the mean 12 J=10 industries, which we have chosen based on the trade-off between disaggregation and number of observations, specifying a minimum of 50 observations per year per country for each industry. T varies by country: 17 in Hungary, 11 in Romania, 12 in Ukraine, and 18 in Russia. 13 Our exposition of these aggregate time variables follows Wooldridge (2005) . 14 As we noted when describing the data in Section 2, our data do not specify an exact privatization date, and we infer privatization by observing a change in status from the end of one year to the next. This implies that the date on which the new private owners acquire formal authority (e.g., the first post-privatization shareholders' meeting) varies across firms, with some of them early in the final pre-privatization year. But some such assumption is necessary about which should be defined as the first "post" year, and we discuss this issue further in connection with the dynamics of the effect below.
within-country-industry-year difference in MFP between firms majority private and majority state-owned. A second specification of ownership distinguishes nationality of the new private owners so that θ it ≡ (Domestic it-1 , Foreign it-1 ), and δ ≡ (δ d , δ f ) are the parameters of interest.
Using another specification of ownership we undertake an analysis of the dynamics of the privatization effect before and after privatization takes place. Our motivation is threefold: first, estimating pre-privatization dynamics provides information on whether firms were already improving productivity prior to the ownership change. Such behavior could be the result of some dynamic selection bias that the model does not account for, and we use the estimated effects of privatization in the period of 4 to 2 years before the privatization year to evaluate the magnitude of selection bias. Second, estimating dynamics just before the privatization year permits an assessment of changes in incentives in anticipation of privatization; such anticipatory effects could be positive if they reflect career concerns of managers hoping either to show new owners their skills or to acquire their companies themselves, or they could be negative if the expectation of post-privatization loss of control-or of job-leads to increased asset-stripping (Aghion, Blanchard, and Burgess, 1994; Roland and Sekkat, 2000) . Privatization may be such a disruptive process that any firm suffers a short-run decline in productivity. 15 Finally, examining post-privatization dynamics is useful for ascertaining the speed with which any estimated effect occurs: is the effect immediate or gradual, becoming significant only with a long lag? Does it tend to be a single jump in productivity, or is it more sustained, with a series of increases over several years? Is it only temporary, as state firms tend to catch up, or does the effect appear to be permanent?
We implement the dynamic specification by interacting dummy variables for the years before and after privatization with Domestic it and Foreign it . Designating τ as the index of event time, the number of years since privatization, so that τ < 0 in the pre-privatization years, τ = 0 in the year in which ownership change occurs, and τ > 0 in the post-privatization years, then θ it ≡ (Domestic itτ , Foreign itτ ) and δ ≡ (δ τd , δ τf ). We assume that privatization has no effect until 5 years before the ownership change appears in our data, so that δ τd = δ τf = 0 for τ ≤ -5. We permit the effects to vary by year through τ = 7 for domestic and τ = 5 for foreign, based on the small sample sizes available for estimating separate effects for firms privatized many years before; subsequent years are pooled together. 16 Expressed in our notation, therefore, we estimate the vector of parameters δ τd corresponding to the vector of variables Domestic itτ for τ = -4, -3,…0,…7+, where 7+ represents event-time at least 7 years after privatization to domestic investors. Similarly, we estimate δ τf corresponding to Foreign itτ for τ = -4, -3,…0,…5+, where 5+ represents event-time at least 5 years after privatization to foreign investors.
We implement specification tests based on the dynamic estimation results for the preprivatization period. Our method generalizes the Heckman-Hotz (1989) "pre-program" test, which requires the same conditional expectation of the outcome for both treated and control groups in a single pre-treatment period. The assumption is that, once the test is satisfied, the only cause of differences between the two groups after that period is the treatment itself. As
Heckman, LaLonde, and Smith (1999) point out, if a shock close to the treatment date affects one group but not the other, then the results will be highly sensitive to the choice of pretreatment period, what they call the "fallacy of alignment" (p. 2025ff). 17 Our method, however, is to analyze all the available data prior to privatization, and we examine the magnitude and statistical significance of each pre-privatization effect, where τ < 0. We focus on τ =-4, -3, and -2 because, as we have argued, τ = -1 may display some anticipatory effects (positive or negative).
We also report F-tests on each of the following joint hypotheses:
Finally, we estimate other variants of equation (1) to provide some initial diagnostic information about possible selection bias in our data. For this purpose, we restrict the sample to firms that are state-owned (either never or not yet privatized, so that the single post dummy variable Private it-1 = 0), and we set w t ≡ 0. θ it ≡ Pre-Private it in one specification, and θ it ≡ (PreDomestic it , Pre-Foreign it ) in another. We retain the full set of industry-year interactions, D jt , so that all effects are measured within industry-year cells. Under these assumptions, output size differences between firms never privatized and those privatized in the future can be estimated from the equation
Pre-privatization differences in MFP (productivity level) are estimated from
and pre-privatization differences in MFP trend (productivity growth) from β in an equation with a linear trend interacted
where τ is defined as before, which with the sample truncation above τ = 0 implies a linear preprivatization trend normalized at zero in the privatization year. The results are reported in the next section. Table 4 contains the estimates of equations (2) - (4) for both the specification with θ it ≡ Pre-Private it , and for the specification with θ it ≡ (Pre-Domestic it , Pre-Foreign it ). Every variable exhibits large, statistically significant pre-privatization differences in some countries, but the magnitudes and even the direction of the estimated differences vary widely. For output, for example, the average Pre-Private it difference is very large in Russia, implying that privatized firms are twice the size of those remaining state-owned. But in Ukraine they are only about 25 percent larger, in Romania the difference is negligible, and in Hungary they are about 32 percent smaller. Similar inconsistencies in relative pre-privatization characteristics appear for MFP, which is estimated to be 19 percent larger in pre-privatized firms in Russia relative to the always state-owned, but the difference is only about 9 percent in Ukraine and 7 percent in Romania, and it is estimated to be slightly negative (although not statistically significant) in Hungary. The MFP trend difference is a positive 1 percent in Romania, a negative 2 percent in Russia, and tiny and statistically insignificant in Hungary and Ukraine.
Results
A more systematic pattern appears in the specification distinguishing Pre-Domestic and Pre-Foreign. In all four countries, firms that were eventually acquired by foreigner investors are larger and more productive than those either remaining state-owned or acquired by domestic investors. The coefficients on these variables are quite similar across countries, ranging from 120 to 200 percent larger in size and from 16 to 36 percent more productive. In the productivity trend equation, the estimated coefficients on Pre-Foreign are negative in all four countries, although the result is statistically insignificant in Romania and only marginally significant in Hungary. The Pre-Domestic coefficients vary much more widely across countries.
Taken together, these findings imply that, despite the apparently indiscriminate privatization policies of these countries, significant selection bias in the privatization process may exist. Moreover, they suggest that the selection processes may be quite different for firms acquired by foreign compared with domestic investors. Across countries, the foreign selection process looks much more similar than the domestic selection process, which is probably a reflection of the greater diversity of methods used for domestic relative to foreign acquisitions: domestic privatization could be accomplished by mass and insider methods, while foreign privatizations were mostly sales. It is notable, however, that the pre-privatization characteristics of firms domestically privatized in Hungary look quite different from those sold to foreigners, even though domestic privatizations in Hungary nearly always involved sales.
With these pre-privatization patterns as background, we turn to the basic results from estimation of the average privatization effect δ for each country in Table 5 . We display regression estimates of δ in the three alternative specifications of the w t , each of them results. In Romania, the smaller coefficient in the weighted compared to the unweighted regression implies that privatization tended to increase productivity more in smaller firms. The opposite is true for Ukraine, while in Hungary and Russia the differences between weighted and unweighted regressions are small and inconsistent in sign.
Before considering the question of specification choice and discussing other functional forms, we report our basic estimates of the domestic effect δ d and the foreign effect δ f in Table 6 .
In all specifications and countries, we estimate the foreign privatization effect δ f to be large and, with a single exception, highly significant. 19 Within specifications, the magnitudes are very similar across countries, averaging about 0.6 in the OLS, 0.4 in the FE, and 0.25 in the FE&FT.
Not only is this an important result in its own right, but our finding of consistently high foreign effects has implications for some potential explanations of cross-country differences in the 18 Full sets of regression coefficients, including the implied marginal products, are available from the authors in an unpublished appendix. 19 The single insignificant result for δ f could result from a small sample size (68 foreign firms in Russia) coupled with a demanding specification (FE&FT).
average privatization effect. In particular, it casts doubt on accounts that stress the importance of the macroeconomic and business environments, as foreign-owned firms may be equally vulnerable to volatility, corruption, and excessive regulation. 20 It also implies that the crosscountry differences in the estimated privatization effects are unlikely to be due to any differences across countries in types of data or measurement methods.
The uniformly high estimate of the foreign privatization effect implies that the effects of domestic privatization vary widely, as the results for δ d confirm. We find positive and statistically significant domestic effects for Hungary and Romania in all three specifications, but the δ d s in Hungary fall more relative to the overall privatization effects in Table 5 . As a consequence, the difference between the estimated effects in Hungary and Romania is slightly greater than before. Because of the very small foreign shares in Russia and Ukraine, the domestic effects have only marginally smaller estimates than the average privatization effects we have already seen.
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These results are highly robust to the choice of functional form for the production function, and we provide the results from some alternative choices in the Appendix. As shown in Table A1 , for example, the FE&FT specifications produce average privatization effects of domestic effects (standard errors) of 0.075(0.026) in Hungary, 0.136(0.021) in Romania, -0.018(0.014) in Russia, and 0.019(0.019) in Ukraine. Table A2 shows comparable results and calculations of average estimated effects and standard errors for the domestic versus foreign distinction, which are again highly robust to the specification of technology. 22 Furthermore, the cross-country differences reflected in these estimates are highly statistically significant and robust to changes in functional form.
23 20 If foreign firms were concentrated in few regions with unusual characteristics (such as a superior business environment), then this inference could be incorrect, but in fact the foreign firms in our data are quite dispersed. The highest percentage of a country's foreign firms in any one region is in Hungary (30.5 percent in Budapest), while no region has more than 13 percent in the other countries. 21 In Ukraine, the domestic effects are sometimes slightly larger, due to the different sample available for the disaggregated ownership analysis. 22 The ownership coefficients could be biased if the exit is correlated with both ownership and productivity. Brown et al. (2005) report exit regressions using samples similar to those in this paper, and they find negligible effects of both domestic and foreign privatization in Romania, Russia, and Ukraine. Only in Hungary are there sizable effects, and both are negative. Although the analysis does not control for productivity, if it tends to be lower for firms about to exit and if privatized firms in Hungary are less likely to exit at a given productivity level, then the Hungarian coefficients could be downward biased through this mechanism. 23 The results of regressions on pooled data (allowing the factor coefficients and industry-year effects to vary across countries) for all four countries suggest that the differences in the δ d s are usually significant at the one percent level. The Romanian δ d is always significantly greater than the Hungarian, Russian, or Ukrainian δ d . On the other hand, cross-country differences between the δ f s are statistically insignificant. These results are available from the authors
As Tables 5 and 6 make plain, however, the magnitudes of the estimated effects vary considerably depending on the specification of the aggregate time variables w t . The FE coefficients are systematically smaller than the OLS, and the FE&FT smaller than the FE. The only exception is domestic ownership in Russia where both FE and FE&FT specifications produce negative coefficients, and the difference is small. With this one exception, the pattern of results holds for the ownership variables in every specification, whether Private, Domestic, or Foreign, and in every production functional form we have tested. To discriminate among the OLS, FE, and FE&FT specifications, we conduct a number of tests. First, we conduct F-tests on the joint probability that all FEs = 0, and on the joint probability that all FTs = 0. The F-statistics reject these null hypotheses at P-values less than 0.0001 for both the FEs and the FTs in every country. Next, we conduct Hausman-type specification tests of the differences in the entire vector of coefficients resulting from adding FEs to the OLS specification, and from adding FTs to the FE specification. The χ 2 statistics reject the hypotheses of no differences across these comparisons, again at P-values less than 0.0001 in each case. 24 We discuss the comparison of these specifications further in the context of the dynamics of the privatization effects around the privatization date, the next subject to which we turn.
Figures 1 and 2 show these dynamics for firms privatized to domestic owners and foreigners, respectively (coefficients and standard errors are provided in Appendix Tables A3   and A4 ). As described in the previous section, the dynamics are estimated for τ = -4, …, 0, …7+
for domestic privatization and τ = -4,…,0,…5+ for foreign privatization; in both cases the reference group is τ = -5-(all years until 5 years before privatization). Starting with the postprivatization results, the domestic privatization effect in Romania and Ukraine grows fairly continuously after privatization, although with some variation in slope. In Hungary, the domestic postprivatization effect increases to τ = 2, declining slightly thereafter. In Russia, however, it is negative and declines for several years, with some upturn starting only very latemore than five years after privatization. The OLS, FE, and FE&FT specifications differ mainly in the level of the estimated effects, while the profiles of post-privatization changes in the effects are similarly shaped.
25
in an unpublished appendix. 24 The results of the tests also imply that the pattern of coefficients -smaller in the FE compared to the OLS and in the FE&FT compared to the FE -is not driven entirely by measurement error, at least of the classical variety. The details of these tests and test statistics are available in the unpublished appendix. 25 Part of the difference across specifications in the post-privatization levels of the effects could be measurement error, but as long as the data generating process for measurement error did not alter with privatization, this would By contrast with the cross-country differences in the domestic effects, the postprivatization profile for the foreign effect is steadily increasing-aside from a couple wobbles in the data-in all four countries. Our results imply that the large overall foreign effect is the result of not only rapid, but sustained relative productivity growth in these firms. This general pattern of steadily increasing relative productivity among firms sold to foreign investors is again robust across estimation methods, with the choice between OLS, FE, and FE&FT affecting mostly the level of the profile.
The post-privatization dynamics, therefore, do not appear to help us to understand crosscountry differences in the estimated domestic privatization effect as resulting from differences in how quickly the effect emerges across countries. Counterfactual calculations assuming different timing of the privatization process actually work in the opposite direction: if Romania had privatized as quickly as Hungary, its privatization effect would be still larger, and the same is true for the Ukraine-Russia comparison. A further implication of these results is that the longer run effect of privatization in Romania and Ukraine would be greatly understated by research using data with information through only the first year or two after privatization, while in Russia it would be overstated, at least through four years after privatization had taken place.
While the post-privatization profiles of the OLS, FE, and FE&FT specifications tend to be similar in shape if not level, the pre-privatization differences are striking. In almost every case, the OLS results show substantial productivity growth of firms in the pre-privatization period. In Romania, for instance, MFP is 25 percent higher in τ=-2 than its average in τ=-5 and earlier years among firms domestically privatized, and it is 40 percent higher in firms privatized to foreign investors. The magnitude of this growth in the FE specification is reduced to 20 percent for both domestic and foreign privatization, and the FE&FT specification reduces both to zero. The profile becomes completely flat, implying no differences in productivity behavior between firms subsequently privatized and those remaining state-owned.
Russia shows a similar pre-privatization pattern of much higher productivity growth both for domestic and foreign privatization, and these differences are reduced to almost zero in both the FE and FE&FT specifications. The same is true of the relative behavior of firms later privatized to foreign investors in Hungary and Ukraine. The comparison of specification for the pre-domestic privatization profile in Hungary shows some movement in the other direction, not account for the change in slopes we observe: the slope of the OLS profile tends to be higher pre-privatization (as we show below), but lower post-privatization, compared to the slopes in the FE and FE&FT specifications.
however: the OLS results imply almost no relative productivity growth, while the FE and FE&FT imply up to about 10 percent. The behavior of these specifications in Ukraine implies the highest relative growth under OLS and the least under FE, with the FE&FT specification occupying a place in the middle. In both of these cases, however, the magnitude of the estimated effects are small.
We may use these pre-privatization estimates to implement a version of the HeckmanHotz (1989) pre-program specification test discussed in the previous section. Appendix Tables   A3 and A4 enable T-tests on each individual coefficient over the τ = -4, -3, -2 period, and Table   7 reports the results of F-tests for each of the joint hypotheses:
Both approaches imply in every case that the OLS specification fails to align the behavior of pre-privatized firms with those remaining state-owned, as nearly all the T-and Fstatistics are statistically significant. The FE specification substantially improves alignment, particularly in Hungary and Ukraine, where the F-statistics are no longer statisticially significant, even though some individual coefficients remain significant. In Romania, however, both Fstatistics and all T-statistics except for the one corresponding to Foreign -4 remain significant. In Russia, the F-statistic remains significant in the FE specification only for domestic, not for foreign privatization. The FE&FT specification eliminates the significance of the test statistics in Hungary and Romania; the magnitude of the F-statistic declines drastically in Romania and declines somewhat for domestic privatization in Hungary, but it rises slightly for foreign privatization in Hungary. Except for a similarly slight rise of the F-statistic for foreign privatization in Ukraine, the F-statistics fall under FE&FT in both Russia and Ukraine. The coefficients on the pre-privatization variables are small in both of these countries, however.
These results suggest that the random growth (FE&FT) model is useful in eliminating any selection bias that manifests itself as differences in pre-privatization productivity levels.
Finally, it is worth noting the dynamics immediately around the privatization year. Russia and Ukraine and relatively low probability in Hungary.
Conclusion
This paper has analyzed the productivity effects of privatization using comprehensive data on manufacturing firms in four economies, with long time series of annual observations both before and after privatization. The data contain comparable measurement concepts for the key variables, and we have applied consistent econometric methods to obtain comparable estimates across countries. The analysis is subject to a number of caveats we have discussed, including possibilities of measurement error, incomplete longitudinal links, production function misspecification, and remaining simultaneity bias. To grapple with these issues, we have made great efforts to clean the data and improve the longitudinal links, we have investigated a wide variety of estimation and measurement methods, and we have carried out a number of extensions to the basic analysis that shed light on the gravity of the potential problems. While the caveats should be borne in mind when considering our findings, we believe that the results nonetheless provide important new evidence on the impact of privatization.
The estimation results imply a substantial positive effect of privatization on productivity in Romania, with a range of estimates from 15 to 50 percent, depending on the precise econometric specification employed. The estimated effects are also positive for Hungary, with a range from 8 to 28 percent, but for every estimation method they are lower than the Romanian estimate. In both of these countries, the estimated effects are always highly significantly different from zero. For Ukraine, the estimated effects are positive, but always much lowerfrom 2 to 16 percent-and they are sometimes statistically insignificant. Finally, we estimate an effect from -5 to 14 percent in Russia.
The wide range of these estimates for each country does not result from sensitivity with respect to the choice of production functional form; on the contrary, the estimates are highly robust along this dimension. Rather, the range of estimates results from varying approaches taken to dealing with selection bias. We have considered three principal methods: OLS, FE, and FE&FT (fixed effect and firm-specific trends). OLS uses within-industry-year differences in productivity between state-owned and privatized firms; as a within-estimator, FE uses deviations from the firm's mean productivity, while controlling for industry-year shocks; while, as a random growth estimator, FE&FT uses deviations from the firm's trend value of productivity, controlling for industry-year shocks. Consistent with our analysis of pre-privatization productivity levels and trends, which suggested selection bias in both the level and growth of productivity, we find that FE estimates are systematically smaller than OLS, and that FE&FT are smaller than FE.
To better understand these differences, we employ several specification tests. F-tests on the FE fail to reject their inclusion in every country, and similar tests for the FT consistently fail to reject the inclusion of the trends. Hausman-type χ 2 tests reject equality of the vectors of coefficients in the OLS, FE, and FE&FT specifications, again in every country and at very high levels of significance. We also employ some "pre-program" specification tests, along the lines suggested by Heckman and Hotz (1989) that measure for any particular estimator the statistical significance of the pre-privatization deviations in productivity relative to firms remaining stateowned. While this test consistently rejects the OLS specification, sometimes it rejects FE and sometimes it fails to reject it. Nearly always, however, the test statistics are improved when the FT are included. Taken together, the results of these specification tests suggest that the FE&FT specification is preferred in our data.
We find that privatization to foreign investors has effects that are statistically insignificantly different from each other across countries and similar in magnitude, the FE&FT estimates falling in the range of 18 to 36 percent. In all four countries, these estimates are much higher than those for privatization involving predominantly domestic ownership. The consistency of the estimated foreign effects suggests that the substantial cross-country differences in the average privatization effects are unlikely to be due to any differences across countries in types of data, measurement methods, etc. It also implies that the variation in the domestic privatization effect is a substantial puzzle to be explained; indeed, removing the foreign firms magnifies the difference between Hungary and Romania.
Our estimation of the dynamics of the effects implies that the impact of privatization is immediate in Hungary and Romania, and nearly immediate (one year later) in Ukraine; in these countries, the impacts are sustained and in Romania and Ukraine they continue to increase even after three years. By contrast, the profile of the dynamics remains negative in Russia until the fifth year after privatization. Comparing across countries, the profiles tend to fan out over time,
implying that studies relying on data only for the immediate post-privatization period may understate cross-country differences.
Our analysis of dynamics in the pre-privatization period shows that productivity tends to grow in Hungarian and Romanian firms that are eventually privatized, especially so in Hungarian firms acquired by foreign investors. In Russia and Ukraine, however, the pre-privatization profile of productivity is flat for domestic privatizations and sharply negative in the two years before acquisition by foreign investors. We conjecture that the differences in the foreign preprivatization dynamics may be due to anticipatory effects, whereby managers in Hungary experience enhanced career-concern incentives to demonstrate their skills to their anticipated foreign partners, while those in Russia and Ukraine expect to be automatically fired and therefore engage in asset-stripping.
The dynamics of the privatization effects (domestic and foreign) display a clear jump around the privatization date in all three countries where we estimate a positive effect: Hungary, Romania, and Ukraine. Given that we are controlling for industry-year effects, and in our preferred random growth model for firm fixed effects and trends, this suggests that the effect of privatization on productivity is causal, not the result of some unobservable tendency for firms undergoing privatization to grow faster through the whole period. It is not inconceivable that the privatization coefficient could be biased upward if investors have private information on growth potential and they are able to buy firms with such potential just before the growth spurt is realized. On the other hand, the privatization process in the countries we are studying was driven at least as much by policymakers as by investors, and it frequently took several years to execute a privatization transaction, so it seems hard to believe that this would result in the nearly contemporaneous jump we observe in the data. It should also be noted that the private information of investors, in this story, would have had to pertain to the future evolution of a firm's productivity controlling for industry-years; in other words, they would have to know that a firm would experience a positive productivity shock relative to other firms in the same industry and year, and then they would have to arrange to acquire the firm just before the shock was realized. This strikes us as implausible but of course not impossible, and while our identifying assumption is that such effects are uncorrelated with ownership change, we cannot entirely rule it out.
These findings strongly support the view that privatization matters, and they provide some evidence that the method of privatization matters as well. In our data, the only relevant distinction we can directly measure is predominant foreign versus domestic ownership, and we find strong evidence that the former has a bigger impact than the latter in all four countries.
Moreover, in terms of the average effect over the whole post-privatization period, we find a large gap between the two East European countries (Hungary and Romania) and the two former Soviet
Republics (Russia and Ukraine). The difference in privatization outcomes between these regions may be attributable to differences in the "quality" of privatization, especially the extent of concentrated outside ownership; our discussion of the policies in these countries shows that it is correlated. In this sense, our results are consistent with Djankov and Murrell's (2002) hypothesis of such a difference between countries of Eastern Europe and the former Soviet Union and with the international ratings of transition economies according to their "progress in transition" (e.g., EBRD, 2000; World Bank, 1996) .
But our findings also pose some problems for the common view that the biggest differences in the results of transition are between these groups of countries. To start with, we find substantial within-region variation in the estimated domestic privatization effects. The estimates consistently imply larger estimated effects of privatization in Romania compared to Hungary, and in Ukraine compared to Russia; both of these reverse the order suggested by international organizations' rankings. Moreover, the dynamics estimates show that both the Romanian and Ukrainian domestic effects continue to rise more than two years after privatization, while the Hungarian effects levels off. As a result, the gap widens between the Romanian and Hungarian effects, and the Ukrainian effect nearly catches up to the Hungarian by 6 years or so after privatization. But the ratings of Romania's policies remained well below those of Hungary, and Ukraine's remained still farther below Romania's, throughout this period.
The results of our analysis of privatization to foreign investors also do not fully square with the standard view that East European privatization and economic policies more generally have been clearly superior to those of the post-Soviet Republics. If the quality of privatization method is the determinant of outcomes, then we would expect that differences in foreign ownership share would contribute substantially to the differences between Hungary (the country with by far the largest share) and Russia and Ukraine (the countries with the least). Yet our results imply that only a small fraction of the total gap in the privatization effect is accounted for by this difference. The composition effect of foreign ownership also deepens the puzzle about the difference between Hungary and Romania: because the Romanian domestic effect exceeds the Hungarian and the foreign exceeds the domestic effect in both countries, increased foreign ownership in Romania would have increased the difference between the Romanian and Hungarian overall effects. Finally, our finding of similarly large, robust foreign effects across these different countries calls into question the view that complementary aspects of the macroeconomic or business environment affect the return to privatization, unless foreign firms happen to be less sensitive to these conditions. The cross-country variation in the productivity effects of privatization remains an important question to address in future research. Note: Sample size is expressed in terms of the number of firms, the percent of the number in all old firms (manufacturing firms inherited from the socialist period), the total employment in the sample firms, and the percent of sample employment in all old firm employment. 1992 1993 1994 1995 1996 1997 1998 1999 Note: "Private" refers to firms with more than 50% privately held shares. "Foreign" refers to privatized firms with more than 50% foreign-owned shares. The residual category of privatized firms that are not majority foreign is labeled "Domestic." Note: The relative pre-privatization characteristics of firms are estimated on the sample of never privatized and pre-privatized firms (through the privatization year) in each country. One specification measures preprivatization differences of all firms subsequently privatized with a single Pre-Private dummy, while the second specification permits the differences to vary over Pre-Domestic and Pre-Foreign firms, in both cases relative to those always state-owned. All equations have output as the dependent variable and include a full set of industryyear interactions. The MFP (multi-factor productivity) and MFP Trend regressors also include labor and capital interacted with industry dummies. In addition, the MFP Trend equation includes Pre-Private (respectively, PreDomestic and Pre-Foreign) interacted with a linear time trend normalized to zero in the privatization year. Standard errors are adjusted for clustering on firms. * = significant at 10%; ** = significant at 5%; *** = significant at 1%. N = 8,827 in Hungary, 13,482 in Romania, and 147,763 in Russia for both specifications; N = 42,330 in Ukraine for the specification with Pre-Private and 41,367 for the specification with Pre-Domestic and Pre-Foreign. Note: Estimated coefficients δˆ (and their corresponding standard errors) are shown for Private (= 1 if the firm is majority privately-owned at the end of year t-1). The dependent variable is log(Output), and independent variables include log(Capital) and log(Employment), with coefficients permitted to vary across industries, as well as full sets of unrestricted industry-year interaction dummies. FE = firm fixed effects; FT = firm-specific trends. The weighted regressions use current employment weights. All statistics are adjusted for clustering on firms and in the FE&FT specifications for the loss of degrees of freedom due to detrending. Both the FE and the FT are statistically significantly different from zero at the 0.0001 level in all countries. * = significant at 10%; ** = significant at 5%; *** = significant at 1%. Note: Estimated coefficients δˆd and δˆf (and their corresponding standard errors) are shown for Domestic (= 1 if the firm is majority private but not majority foreign-owned at the end of year t-1) and Foreign (= 1 if the firm is majority foreign-owned at the end of year t-1), respectively. The dependent variable is log(Output), and independent variables include log(Capital) and log(Employment), with coefficients permitted to vary across industries, as well as full sets of unrestricted industry-year interaction dummies. FE = firm fixed effects; FT = firm-specific trends. Regressions are not weighted. All statistics are adjusted for clustering on firms and in the FE&FT specifications for the loss of degrees of freedom due to detrending. Both the FE and the FT are statistically significantly different from zero at the 0.0001 level in all countries. P is the P value from an F test for the equality of the domestic and foreign ownership dummies. * = significant at 10%; ** = significant at 5%; *** = significant at 1%. Table 5 (FE&FT) except for the assumed form of the production function: CRS imposes constant returns to scale on the Cobb-Douglas function, TL refers to the translog, LP is labor productivity, and .3/.7 assumes coefficients of .3 on capital and .7 on labor. All statistics are adjusted for clustering on firms and for the loss of degrees of freedom associated with detrending. * = significant at 10%; ** = significant at 5%; *** = significant at 1%. Mean coefficient (mean standard error) includes FE&FT values from Table 5 . Table 6 (FE&FT) except for the assumed form of the production function: CRS imposes constant returns to scale on the Cobb-Douglas function, TL refers to the translog, LP is labor productivity, and .3/.7 assumes coefficients of .3 on capital and .7 on labor. All statistics are adjusted for clustering on firms and for the loss of degrees of freedom associated with detrending. * = significant at 10%; ** = significant at 5%; *** = significant at 1%. Mean coefficient (mean standard error) includes FE&FT values from Table 6 . 
